In 1998, the enterovirus (EV) infections outbreak in Taiwan caused 78 fatalities. Since then, EV infections have continuously posed a threat to the public. Among the 64 serotypes of enteroviruses known to infect human, the enterovirus 71(EV71) is suspected to be the major cause for severe cases. In this study, we estimate the recombination point of enterovirus 71 vp1 by using the method of Likelihood Analysis of Recombination in DNA. The datasets of enterovirus 71 DNA sequences are available in GenBank. After careful cross validation, eight candidate sequences are chosen to advance analysis, including 2734TAI98, TW227298, 1423SIN98 and other five DNA sequences as well. Then, the construction of the phylogeny trees (neighbor-joining trees will be used in this paper) would support for recombination in EV71 virus. In these two methods, the breakpoint was found to be in similar position, demonstrating that a single recombination event occurred prior to the divergence of these two strains.
INTRODUCTION
The enteroviruses belong to the genus Picornaviridae. Serologic studies have distinguished 66 human enterovirus serotypes on the basis of an antibody neutralization test. Most infections are mild, and are considered by many to be unimportant as human pathogens and unworthy of sustained investigation. 17 However, enteroviruses may also result in serious or even fatal disease. On the basis of their pathogenesis in humans and experimental animals, the enteroviruses were originally classified into four groups, polioviruses, coxsackie A viruses (CA), coxsackie B viruses (CB), and echoviruses, but it was quickly realized that there were significant overlaps in the biological properties of viruses in the different groups. Since 1970, newly identified serotypes have not been assigned to the above groups but, rather, have been numerically classified as enterovirus serotypes (ENV) 68 to 71. 16 Enterovirus infection in humans may result in a wide range of acute symptoms involving the cardiac and skeletal muscle, central nervous system (CNS) pancreas, skin, and mucous membranes, as listed in Table 1 . Poliomyelitis caused by PV has been a successful World Health Organization (WHO)-sponsored Poliomyelitis Eradication Initiative (PEI), but other enterovirus infections remain frequent and sometimes † Corresponding author: Po-Yuan Chen, Department of Biological Science and Technology, China Medical University, Taichung 404, Taiwan, ROC. 20 Evidence from studies in murine models indicates that chronic enterovirus infection is characterized by restricted genome replication and gene expression, although some controversy about the role of enterovirus infection in chronic disease in humans remains. Chronic infections also occur in immunodeficient patients. Enterovirus 71 (EV71) is a positive-stranded RNA virus belonging to the enterovirus genus of the Picornaviridae family. It is transmitted from person to person mainly by the fecal-oral route. After replication in the mucosal system, the virus may enter the circulation (viremia) and finally find its way to the central nervous system.
14 The clinical manifestations caused by EV71 infection vary from mild hand, foot and mouth disease, even fatal damage to life. In 1998, an epidemic of EV71 infection affected more than 90,000 children in Taiwan and caused 78 deaths. 11, 15 There is still no vaccine or antiviral drug available against this infection.
In dealing with the phylogeny study, an understanding of the structure and function of the enterovirus genome is required. The enterovirus genome is approximately 7,500 nucleotides long, of positive polarity. An approximately 750-nucleotide 5 untranslated region is followed by a long open reading frame coding for an approximately 2,100-amino-acid polyprotein. This is followed by a short 3 untranslated region and a poly(A) tail.
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The open reading following the 5 UTR is translated into a polyprotein which is co-and post-translationally cleaved to give four structural proteins (VP4, VP2, VP3, and VP1), which form the viral capsid, and seven nonstructural proteins (P2A, P2B, P2C, P3A, P3B, P3C, and P3D).
12 VP1 and VP3 are partially exposed on the virion surface, while VP4 is completely internalized in infection virons. Protein 2A is one of the viral proteinase that cleaves the polyprotein in trans between proteins VP1 and 2A and frees the capsid protein precursor from the rest of the polyprotein. 22 The specific functions of 2B and 2C are not known, although protein 2C and its precursor form 2BC have been found in the replication complex of PV, and protein 2C has a helicase activity. Protein 3AB is a precursor of 3B, the small polypeptide covalently linked to the 5 UTR of picornavirus RNA molecules. Protein 3C is the second viral protease, which does most of the RNA-dependent RNA polymerase. Among the 11 regions of the EV whole genome, VP1 is the most external and immunodominant of the picornavirus capsid proteins. A number of major neutralization sites reside in the VP1 proteins of many piconaviruses.
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To identify the serotypes of enteroviruses efficiently and correctly is a first important work. The classification of enterovirus 71 from other serotypes such as coxackie virus A16 by RT-PCR, and a more comprehensive pathological, virological, and molecular study were studied by Jing-Jou Yan et al. 24, 25 In this study, full VP1 sequences are used to examine the recombination of enterovirus 71. In the first part of this analysis, Likelihood Analysis of Recombination in DNA 26 combined with HKY model 10 are used to find out the most possible points of recombination in full VP1 sequences. Then, the neighbor-joining trees (with associate bootstrap values) will be supporting the phenomena of recombinations.
MATERIALS AND METHODS

Enterovirus Sequences from GenBank
It is started by deriving a selected set of non-redundant sequences from March 2003 release of the NCBI GenBank database of known DNA sequences. 50 sequences from NCBI GenBank (http://www.ncbi.nlm.nih.gov/ 
In Eq. 1, each item represents a substitution probability. For instance, row 3:column 2 implies the probability to change from G to C in time t, where f (t) is a function of the evolution time t. After theoretical calculations, though tedious but straight forward, one can get the conclusion as following equations:
In brief, this matrix can be written as:
Here, the delta is Kronecker's delta, as Eq. 4
and the overall substitution rate is α as well. For more details, please consult Dr J. Felsenstein's famous paper in Ref. 9 .
While the assumption in the JC model is that probability of change from any state to and different state is always equal, in the F81 model, it is assumed that the probability of change from any state i to state j is proportional to the frequency of state j. However, this method assumes that the rate of substitution is the same at different nucleotide sites and is unrealistic.
In this study, we introduce likelihood analysis of recombination in DNA, under the assumption that substitution rates r (while the overall rate is α as the F81 model, which have discussed above, can be seen in Eqs. 2 and 3) over sites follow the Gamma distribution 26 :
The mean of substitution rates r is E(r) = α/β as well as the variance is Var (r) = α/β 2 . β is a trivial scale factor, and in order to avoid the use of too many parameters, it's restricted the mean of the distribution to be 1 and set α = β. Thus, the Gamma distribution is related to a single parameter α, which determines the extent of rate variation. A small α suggests that rates differ significantly over sites, while a very large α means roughly equal rates. Other assumptions, such as the independence of nucleotide substitutions at different sites and possible variation of substitution rates along different lineages, are the same as Felsenstein.
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In this research, the HKY model 10 is induced.
The HKY model allows for a different rate of transitions and transversions as unequal frequencies of the four nucleotides (base frequencies). Furthermore, the transition to transversion ratio (Ts/Tv) is needed in this model to calculate the substitution. Before this, some researchers have already build models to evaluate the substitution, such as Jukes-Cantor model (JC69), Kimura model (K2P), and F81 model (F81). If the Ts/Tv is set to 0.5 as well, then it becomes equivalent to the Jukes-Cantor model; if the base frequencies are set equal, then it becomes equivalent to the Kimura 2-parameter model; if the Ts/Tv is set to 0.5 and the base frequencies are not equal, then this model is equivalent to F81 model.
Phylogeny Analysis for Recombination in EV71 Virus-The Neighbor-Joining Trees
In this section, neighbor-joining trees 19 are selected
because it is precise and well developed. This method, briefly speaking, is to find pairs of operational taxonomic units (neighbors) that minimize the total branch length at each stage of clustering of operational taxonomic units starting with a starlike tree can quickly be obtained by using this method. Though this method is quite time consuming, and when the number of operational taxonomic units (OTUs) is large, only a few percentage of all possible topologies will be examined. However, some methods in which the process of searching for the minimum evolution tree is built into the algorithm, so that a unique final topology is obtained automatically. Furthermore, this method also does not necessarily produce the minimum-evolution tree, and will be applicable to any type of evolutionary distance data. Generally speaking, this work is to establish neighbor-joining trees from several candidate sequences selected by the prior method (Likelihood Analysis of recombination in DNA, please see the former topic). To construct the neighbor-joining trees separately from either side of the recombination point which have been predicted from the above method (likelihood analysis of recombination in DNA), and then the recombination evidence will be easily unveiled.
Simplifying the issue to three representative sequences (the recombinant and two parents) will make the test of phylogenetic disparity more conservative. All the neighbor-joining trees used here were constructed with the MEGA2, 13 which is a very useful and powerful tool in constructing phylogeny trees.
RESULTS AND DISCUSSION
The Likelihood Analysis
The likelihood analysis provides the apparent evidence for the recombinant among EV71 viruses. In order to determine which of these sequences were the most likely recombinants, we calculate all possible collections to screen the candidates. In this research, there are 7350 datasets (C includes three sequences in it, the putative recombinant and two reference sequences. Figure 1 unveils the result of likelihood analysis, which shows the distribution of likelihood ratio of the EV71 vp1 concisely and clearly as well. The highest ten percent datasets (about 1000 datasets) are chosen to this figure, for that one can find out the most possible recombination points more easily. From this figure, one can figure out that the ensemble region is mainly located in the region between 670 bp ∼ 700 bp, and a smaller cluster is between 880 ∼ 890 bp.
After carefully cross-validation, I select the following eight sequences: 2734TAI98 (AF286494), TW227298 (AF119795), 1423SIN98 (AF286489), 2735ATAI98 (AF286495), 2894TAI98 (AF286514), 2901TAI98 (AF286519), 3254TAI98 (AF286531), 2850TAI98 (AF286499). From this calculation, the highest likelihood ratio scores is: (2734TAI98, TW227298, 1423SIN98). However, the identification of the recombinant and its parents is difficult just by using likelihood. In order to examine the phenomena of recombinant, it is necessary to construct the associate phylogeny trees for identifying the recombinant and its parents. In the next section, these eight sequences together will be established phylogeny trees for finding support for recombination evidence.
The Neighbor-Joining Trees Analysis
The neighbor-joining trees analysis has long been considered as the easy and apparent way to examine the recombinant phenomena. To construct maximum likelihood trees for each of the two proposed recombinant regions, choosing the nucleotide 690 as the breakpoint, along with a bootstrap analysis involving 1000 replicate neighbor-joining trees. Figure 2 (a) unveils the maximum likelihood tree, which is constructed from eight candidates that are parts of VP1 sequences (from 1-690 bp). In this figure, TW227298 and 1423SIN98 are beneath together, however 2734TAI98 is far from them. It means TW227298 and 1423SIN98 are much similar than 2734TAI98. Then, in Fig. 2(b) , we also construct the neighbor-joining tree from eight candidates that are other parts of VP1 sequences (from 691-891 bp) in the same way. In this figure, TW227298 and 2734TAI98 are close to each other, and 1423SIN98 is far away from the other two sequences. That implies TW227298 and 2734TAI98 are much similar than 1423SIN98. After this cross-validation, one can demonstrate that TW227298 is the recombinant and 2734TAI98 and 1423SIN98 are parents.
